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Polymer formulations for the production of holographic media were described, inter alia, in the
20  non-prior-published patent applications EP 08017279.4, EP 08017277.8, EP 08017273.7,
EP 08017275.2. EP 08017277.8 and EP 08017273.7 describe polyether-based and prepolymer-
based polyurethane compositions which in general are suitable for the production of holographic
media. EP 08017275.2 described polyurethane formulations comprising specific acrylates, which
are suitable for recording holograms. Furthermore, EP 08017279.4 described for the first time a
25  typical film structure and the application of various polyurethane formulations as a photopolymer
in the film composite. The use of prepolymer-based polyurethane formulations for a coated film
with the combination of a dye/initiator mixture which covers the complete visible wavelength

spectrum (400-800 nm) has on the other hand not been previously described.

It was an object of the present invention to provide polyurethane compositions from which it is
30  possible to prepare holographic photopolymers having good surface quality and processability,

which also have a good refractive index contrast.

It has now surprisingly been found that the abovementioned requirements can be met if

prepolymer-based polyurethane compositions are used in combination with certain polyether
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F) optionally catalysts
15 G) optionally auxiliaries and additives.

The prepolymers of components A) which are essential to the invention are obtained in a manner
well known per se to the person skilled in the art by reacting monomeric, oligomeric or
polyisocyanates Al) with isocyanate-reactive compounds A2) in suitable stoichiometry with

optional use of catalysts and solvents.

20 In this way, NCO-functional prepolymers having urethane, allophanate, biuret and/or amide groups

can be prepared.

Suitable polyisocyanates Al) are all aliphatic, cycloaliphatic, aromatic or araliphatic di- and
triisocyanates known per se to the person skilled in the art, it being unimportant whether these
were obtained by means of phosgenation or by phosgene-free processes. In addition, the higher
25  molecular weight secondary products of monomeric di- and/or triisocyanates having a urethane,
urea, carbodiimide, acylurea, isocyanurate, allophanate, biuret, oxadiazinetrione, uretdione or
iminooxadiazinedione structuré which are well known per se to the person skilled in the art, can

also be used, in each case individually or in any desired mixtures.

Preferred monomeric di- or triisocyanates which can be used as component Al) are butylene
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20  For example, the difunctional polyadducts of ethylene oxide, propylene oxide, tetrahydrofuran,
butylene oxide, and their mixed adducts and graft products, and the polyetherpolyols obtained by
condensation of dihydric alcohols or mixtures thereof and the polyetherpolyols obtained by
alkoxylation of dihydric alcohols may be as such polyetherpolyols. Preferred difunctional
polyetherpolyols are poly(propylene oxides), poly(ethylene oxides) and combinations thereof in

25  the form of random or block copolymers and mixtures thereof having a number average molar
mass between 200 and 18 000 g/mol, particularly preferably having a number average molar mass

between 600 and 8000 g/mol and very particularly preferably having a number average molar mass
between 1000 and 4500 g/mol.

Poly(propylene oxides) of the abovementioned functionality range, having number average molar
30  masses between 650 g/mol and 4500 g/mol, particularly preferably having number average molar
masses between 1000 g/mol and 4100 g/mol and very particularly preferably having number
average molar masses between 1900 g/mol and 2100 g/mol, are particularly preferably used as

A2).
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Particularly o .
average molar masses of 200 to 10 000 g/mol and NCO functionalities of 1.9 to 5.0. Particularly

preferred urethanes are those having NCO functionalities of 1.9 to 2.1 and number average molar
masses of 650 to 8200 g/mol, prepared from aliphatic isocyanate-functional compounds and
oligomeric or polymeric polyols and allophanates having functionalities greater than 2.0 to 3.2 or
25 3.9 to 4.2, having number average molar masses of 650 to 8200 g/mol, prepared from aliphatic
isocyanate-functional compounds and oligomeric or polymeric polyols or any desired mixtures
thereof. Very particularly preferred urethanes are those having NCO functionalities of 1.9 to 2.1
and number average molar masses of 1900 to 4100 g/mol, prepared from aliphatic isocyanate-
functional compounds and oligomeric or polymeric polyols and allophanates having functionalities
30  greater than 2.0 to 3.2 or 3.9 to 4.2, having number average molar masses of 1900 to 4100 g/mol,
prepared from aliphatic isocyanate-functional compounds and oligomeric or polymeric polyols or

any desired mixtures thereof.

Preferably, the prepolymers described above have residual contents of free monomeric isocyanate
of less than 1% by weight, particularly preferably less than 0.5% by weight, very particularly
35  preferably less than 0.2% by weight.
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cyclopentanone carboxyethyl ester or any desired mixtures of these blocking agents.
25  Preferably, exclusively the above-described prepolymers essential to the invention are used in A).

Essentially all polyfunctional, isocyanate-reactive polyether polyols which preferably have on

average at least 1.5 isocyanate-reactive groups per molecule can be used as component B).

In the context of the present invention, isocyanate-reactive groups are preferably hydroxy

compounds.

30  Suitable polyfunctional, isocyanate-reactive compounds of the abovementioned type are, for
example, polyester, polyether, polycarbonate, poly(meth)acrylate and/or polyurethanepolyols,

preferably hydroxy-functional polyetherpolyols.

Polyetherpolyols are optionally polyadducts of cyclic ethers with OH-functional starter molecules,
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and very particularly preferably of 1900 to
propylene oxide and/or ethylene oxide. The proportion of ethylene oxide, based on per cent by

20  weight of the total product, is preferably less than 55%, particularly preferably either between 55%
and 45% or less than 30% and very particularly preferably less than 10%.

Difunctional polyetherpolyols based on propylene oxide and ethylene oxide, having a proportion
of ethylene oxide of less than 10% by weight, based on the total mass of the parent polyether, and
a number average molar mass between 2000 and 4200 g/mol are used as very particularly preferred

25  compounds of component B).

The components A) and B) are used in the preparation of the photopolymer formulation in an

OH/NCO ratio to one another of, typically, 0.9 to 1.2, preferably 0.95 to 1.05.

In component C), urethane acrylates and/or urethane methacrylates having at least one aromatic
structural unit and a refractive index greater than 1.50 at 405 nm are used. Urethane
30  (meth)acrylates are understood as meaning compounds having at least one acrylate or methacrylate
group, which additionally have at least one urethane bond. It is known that such compounds can be

obtained by reacting a hydroxy-functional (meth)acrylate with an isocyanate-functional compound.



4500 g/ nol. The OH functionality is preferably 1.5 to 4.0, particularly
preferably 1.8 to 3.0. In addition, conpefient B) nmay al so contain | ow

nol ecul ar wei ght (i.e. having nol ecular weights of |ess than 500 g/nol),
short - chai NEfdmptes oﬁﬁﬂéyahd‘tésﬂﬁlnéh cIaQ baeseaadsrbm@ pipotBte RbhftRirhlgphatid, aliphatiedndc or
15 cycl oal i phflth di-, tri- yfunctional al cohols. The use of pure

hydr oxy- f ungcioaliphatic Aty %Pﬁ@?lgstﬁpvam%es, b iy plse PSRN toppeExEd of SHRYAIndE It

conponent Bbolﬁg&eyafa{ey(Eﬁmése@@s@esblde@) 1riP QF %@ﬁsbwaﬁﬂ@s apel slﬁﬁ)mea@ﬁsocyanate
conmbi nations thereof in the formof randomor block copol yners and bl ock

copol ymer s ksxamgthpiel edisooriate GlaD.orisephprphendiisogiagete ﬂi’@l)@ré&ﬂmwma@w-
hyl
ot 1 0y S BLAET T 20 O 0l AN

45% or |es SblB(HdhlSBQ%)am@clbhe‘)y])p)aﬁlhmes mhanh;yurps Ehfee:bﬁbdvyng ang Slesitvdnsob@¥wontent,

Di functi onal r ased 0 de an hyl ene oxi

vt ng. & pr BESRASH LR ko AESSTefe r SRS Fng iAGoaRS T BREeS S on
the total nﬁ@snefafmettﬁwenpadls&tyamésyemt;emylaiaddusacyamé)ez 4-anel RIE6-Foblyddne NHISS
bet ween 2000 and 4200 g/ mpl are used as very part B};ul ar | ref erred 25

conpounds  ofY2eBtmpdretPhlylenerpdisegitptinent's AF 4dadsen; réet ddl‘WCY"r‘i‘éte 1,5
pr epar ajg onn@tuh&iaﬁe ran.q;cgama %’Qﬁﬁhegﬁﬁl@ﬁ&&t uanw ﬂll%%angév L\l@otrrsaous&ym@n@nyl)

anot her of, gl cally, preferably 0.9 I n conponent” Q),
ur et hane acihwp sphateyrad/ the dnre/@Mﬂethwe@méwqg at exsthapesi wga, acarbcmiasmdeoraeylurea

aromati c fJ‘It’ éc#fﬁrtlultlgtgl aé%Blkatnat%n 1u%t cig(fatglggrﬁeltrYo%el & t%ﬁ)ng ro? %oia‘llﬁ?méd&% s%‘ﬁlctf}r%5 nm

are used. ane neth)acrylates are understood as neani ng conpounds
havi ng at | s@stixrs tlecsof | Aabmathr difyei-lapslykalyamags ewepprefednddch addi ti onal |y have
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or alkoxylated trimethylolpropane, glycerol, pentaerythritol, dipentaerythritol or industrial
mixtures thereof. 2-Hydroxyethyl acrylate, hydroxypropyl acrylate, 4-hydroxybutyl acrylate and
poly(e-caprolactone) mono(meth)acrylates are preferred. Moreover, are suitable as isocyanate-
25 reactive oligomeric or polymeric unsaturated compounds containing acrylate and/or methacrylate
groups, alone or in combination with the abovementioned monomeric compounds. The epoxy
(meth)acrylates known per se, containing hydroxy groups and having OH contents of 20 to
300 mg KOH/g or polyurethane (meth)acrylates containing hydroxyl groups and having OH
contents of 20 to 300 mg KOH/g or acrylated polyacrylates having OH contents of 20 to
30 300 mg KOH/g and mixtures thereof with one another and mixtures with unsaturated polyesters
containing hydroxyl groups and mixtures with polyester (meth)acrylates or mixtures of unsaturated
polyesters containing hydroxy! groups with polyester (meth)acrylates can likewise be used. Epoxy
acrylates containing hydroxyl groups and having a defined hydroxy functionality are preferred.
Epoxy (meth)acrylates containing hydroxyl groups are based in particular on reaction products of
35 acrylic acid and/or methacrylic acid with epoxides (glycidyl compounds) of monomeric,

oligomeric or polymeric bisphenol A, bisphenol F, hexanediol and/or butanediol or the ethoxylated
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preferred. poxy acryl ates a| n ng hy gr oup ar e
parti cul ar amylateaehydonxyputpldugiate aé u®5 aggmyponent &ci d and/ or nmetharylic acid
wi t h epoxi des (gl yci dyI conpounds) of nononmeric, oli gorreri c or polynmeri c

bi sphenol A RRPNERRl . o"exaRed b AR08 BLANSallo-Phed R IR Lo0E

-8- and/or pr opox der FVRVes 1 At eof B acryl a

def i ned26 unddstribed) ﬁot yxanfp&, tatM&Roden der organischen Chemle [Methods of Organic Chemlstry]”
(Houben-Weyl), 4" edition, Volume XIV/1, page 433ff, Georg Thieme Verlag, Stuttgart 1961.
Suitable classes of substances are, for example, phenols, such as, for example, 2,6-di-tert-butyl-4-
methylphenol, cresols, hydroquinones, benzyl alcohols, such as, for example, benzhydrol,

optionally also quinones, such as, for example, 2,5-di-fert-butylquinone, optionally also aromatic

25  amines, such as diisopropylamine or phenothiazine.

2,6-Di-tert-butyl-4-methylphenol, phenothiazine, p-methyoxyphenol, 2-methoxy-p-hydroquinone

and benzhydrol are preferred.

One or more photoinitiators are used as component E). These are usually initiators which can be
activated by actinic radiation and initiate a polymerization of the corresponding polymerizable
30  groups. Photoinitiators are commercially distributed compounds known per se, a distinction being
made between monomolecular (type I) and bimolecular (type II) initiators. Furthermore, depending
on the chemical nature, these initiators are used for free radical, anionic (or) cationic (or mixed)

forms of the abovementioned polymerizations.
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di stincti onfob%b&%rmgeh@@&%@fmmkﬁm Rhtall$ty RS this p%més@hmfo%sanﬂﬂe (thype
1) initiators. Furthernore, depending
20  octanoate, zinc octanoate, dibutyltin dilaurate, dimethylbis[(1-oxoneodecyl)oxy]stannane,

dimethyltin dicarboxylate, zirconium bis(ethylhexanoate), zirconium acteylacetonate or tertiary
amines, such as, for example, 1,4-diazabicyclo[2.2.2]octane, diazabicyclononane,
diazabicycloundecane, 1,1,3,3-tetramethylguanidine, 1,3,4,6,7,8-hexahydro-1-methyl-2H-
pyrimido(1,2-a)pyrimidine.

25  Dibutyltin dilaurate, dimethylbis[(1-oxoneodecyl)oxy]stannane, dimethyltin dicarboxylate, 1,4-
diazabicyclo[2.2.2]octane, diazabicyclononane, diazabicycloundecane, 1,1,3,3-
tetramethylguanidine, 1,3,4,6,7,8-hexahydro-1-methyl-2H-pyrimido(1,2-a)pyrimidine are

preferred.

Of course, further additives G) can optionally be used. These may be, for example, additives
30 customary in the area of coating technology, such as solvents, plasticizers, levelling agents,
antifoams or adhesion promoters. Preferably used plasticizers are liquids having good dissolving
properties, low volatility and a high boiling point. Surface-active compounds, such as, for example,
polydimethylsiloxanes, can be used as levelling agents. It may also be advantageous

simultaneously to use a plurality of additives of one type. Of course, it may also be advantageous
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wei ght of photoinitiators El) in each case 0.001 to 0.2% by wei ght of the

three dyges &8) toni% By aeRhi Tifled FRItal stabilers@ysor ption spectrumto the |aser
wavel engths red, green and blue 10 0 to 4% by wei ght of catalysts F) 0 to
10% by wei ght of auxj|iarjes and addltlves G -11- Preferably, the

pol yur et hanét%qfﬁﬁbé”f"’ﬁhﬁﬁé’ et o the invention conprise 15 to 30% by
wei ght of the conponents A) 30 to 60.96% by wei ght of the conponent B), 20

to 35% by wei Ght Rt otdiecocoozwzgwgh%f ﬁlthrQeldyéa 12) WHidRYardvediBRY iR thel db&8ption
radi cal stabilizers 1 to 3% by weight of photoinitiators El) in each

case 0.01 tepegrgmgoshe rgvmelmgﬂlsm@ glaereanddles E2) which are tailored in the
absorption spectrumto the |aser wavel engths red, green and blue 0 to 1% by

wei ght of cg&pﬂ‘%% §«ei@1t o]ant§ly§t9Ff3% by wei ght of auxiliaries and additives (©)

10 3 to 8% by weight of auxiliaries and additives G)
Particularly preferably, the polyurethane compositions according to the invention comprise
18 to 30% by weight of component A)
40 to 52.37% by weight of components B)
25% by weight of the component C)
15 0.02 to 0.1% by weight of free radical stabilizers D)
1 to 1.5% by weight of photoinitiators E1)

in each case 0.03 to 0.1% by weight of the three dyes E2) which are tailored in the absorption

spectrum to the laser wavelengths red, green and blue
0.02 to 0.1% by weight of catalysts F)
20 3.5 to 5% by weight of auxiliaries and additives G)

The polyurethane compositions according to the invention have viscosities at 25°C of, typically, 10
to 100 000 mPas, preferably 100 to 20 000 mPas, particularly preferably 200 to 10 000 mPas,
especially preferably 500 to 5000 mPas, immediately after complete mixing of all components, so
that they have very good processing properties even in solvent-free form. In solution in suitable

25 solvents, viscosities at 25°C of below 10 000 mPas, preferably below 2000 mPas, particularly
preferably below 500 mPas, can be established.



Particularly preferably, the pol yurethane conpositions according to the

i nvention conprise 18 to 30% by wei ght -of2-conponent A) 40 to 52. 37% by

wei ght of conmponents B) 25% by wei ght of the conponent C) 15 0.02 to 0.1%
by wei ght oPolfuretkane adimpaditi@isaddi the aBsvemB)jtiondd type WiHdh byre wihghtatalfst content of

hotoinitia 1) ip each case 0.03 tao 0.1% by weight of fhe three dyes
||[%2) whi ch a&@‘g“t%/&ﬁ QF‘@[’} tPﬁ-lt"/h %&ﬁ%?@ Grin “g%éét"i/‘ﬁ‘r‘ﬁst Ve H‘é’v?‘fd@Z’F 2R0REPHYL hs
red, green gdenhatichs Befded 0.005:15¢ Nyighain@0tosaf byCRtightYRd Srefekred And conctifraSfisby

wei ght of auxiliarigs and additi%es G  The polyuret hane conpositions
accor di ng t eetvese O 0dveh woight aed/ @067 by sight asspagticudmsly pegferrady pi cal |y, 10 to 100
000 nPas, preferably 100 to 20 000 nPas, particularly preferably 200 to 10

000 nPas;s p&&ﬁﬁic}?{iéﬁ'ﬁo RrsEbELRRE Yo élqgul&,qaglﬁg)sggq[tﬂ? @&ton&a@ﬁgﬂ.h@&s%nxw@{ottﬁé person

conplete mxing o conponents, soO hey have very good processing

properties skilled in thegt|aveesvitalile, ssuchf a5y impaitiqulgip knifecomingrastingt prisitiag, ereeropringing. s,

viscositi esip?gyb g?cf‘ iR]L_i)e]tt);ﬁ;igt\éy}gé%reg%%ﬂ%nf@??cogtreresfaglrg%ﬁ)lt %o%z?e:sga#eégtggle %g%gplication

particul arl era can esta
Pol yur et hanmethodsposi ti ons of the abovenenti oned type which cure with a
catal yst content of 0.004% by weight to 0.1% by weight at 80C in under 6

m nut es hav roved.t o be advant ageous; oncentrations, between 0.01% b

Wer ght - anq. SrOBSHEY TErGH: AP ERERCRASd8 FIREPOSHE S R PREP e g UEHERS 306
by wei gt afpem@la@BYadeyrdive t6lftte iaveatiRadnklitieulsa thedeo Ploe e pFRidetion oF efticalifidiGaihi on
to a substrate or in a mould, all respective customary nethods known to the
person ski Partylar af peda syitablg for reqerdingdiodogragisch as, in particul ar,

kni fecoating, casting, printing, screen printing, spraying or ink jet

printing. Pegf gleat Yavekttn| RFQEHBFS e §! Pbrod@% Zbe thedir8dHbt 3Pk&hafedia for
application nethods. The present invention furthernore relates to

phot opol yneresorgivg aiswd hplegfamerin whichpo¢ gumere hbthe poly@rethenenfutnatationsessentialitelihag t o
the inventi -g ' t f ct 1. qQnwof . | ' , In
par t1 cul ar Sro a8 EpliiandShaRe £ s bPRg IR LR AT BB o
furt her br emedib siuesbtsioabde. pr ocess for the production of such nmedia for
recording visual holograns, in which one or nore of the polyurethane
formul ati On§ucﬁsrr§e%1%tr}1aayl betfﬂmtcrc])glposites comprising at least one cast film or substrate layer (1), one or

more photopolymer layers (II) based on the polyurethane formulations essential to the invention

and a top or laminating film (III). The film composite may contain further films.

The polyurethane compositions according to the invention can be applied to the cast film or

20  substrate layer (I) via a suitable method.

Preferred materials or material composites of the substrate layer I) are based on polycarbonate
(PC), polyethylene terephthalate (PET), polybutylene terephthalate, polyethylene, polypropylene,
cellulose acetate, cellulose hydrate, cellulose nitrate, cycloolefinpolymers, polystyrene,
polyepoxides, polysulphone, cellulose triacetate (CTA), polyamide, polymethyl methacrylate,
25  polyvinyl chioride, polyvinyl butyral or polydicyclopentadiene or mixtures thereof. In addition,
material composites such as film laminates or coextrudates can be used as substrate film (I).
Examples of material composites are duplex and triplex films having a structure according to one
of the schemes A/B, A/B/A or A/B/C, such as PC/PET, PET/PC/PET and PC/TPU (TPU =
thermoplastic polyurethane). PC and PET are particularly preferably used as substrate film (I).

30  Transparent substrates I) which are optically transparent, i.e. not hazy, are preferred. The haze is
measureable via the haze value, which is less than 3.5%, preferably less than 1%, particularly

preferably less than 0.3%.



invention are applied to a substrate or in a nould and are cured. The
invention also relates to the 15 nedia ijhus obtainable. Such nedia may be
filmconposites conprising at | east one cast filmor substrate |ayer (1),

one or mr@heon&teqamey&%lble@x&r Frac(tllonlr)ofbc?a%%t@@ 1%&%91@!1 xy@&h@@@qn ftﬁ’er Fvaki ons
essential to the invention and a top or lamnating f ). The film
conposite n@zyecnfamb)aﬁhw ifnadinted sarthple.nBhus,Tivas p@thejlweapﬁemeomotyp@shazc @ﬁsralae@remm ng
to the inve on. C lie cas |In1o ubst r at Iay ()
via a suita %e"arr}rset %quuaﬁr e?er r gecrilafr)ra eeerCtSang 18%5 h {no%ﬁngtés Jost e@ho pﬁ‘f"
substrat e | yuedarity irathe nagsiedordts sprhogoatidhoniaereely afRE) 1hepmln§pmtelny)l. @he method for

pol ypr opy| ctesotEiht bPEelestE b Epane SRPRarOa AVBPEL e “col I ul ose ni trate.

cycl ool ef i npol yners, pol ystyrene, polyepoxides, polysul phone, cellul ose
triacetate prefefibly, BRlsubsiia@d) h3al birehidyydce Melidhas hw ta& Righ2%. @@lcyw Myearcdptiodli de,
pol yvi nyl butyral or polydicycl opentadi ene or ures thereof. In addition,

mat eri al coifpiitipeal lestiiand 09 i, nrefriahlyrad desy ﬁhaeo@ﬁ?tnma&flégar&:yawe%@b%%fdesas

substrate fijhmddm Exanples of material conposites are duplex and triplex
films having a structure according to one of the schenes A/B, A/ B/ A or

Al B/ C, such as PC/ PET, PET/PC/ PET and PC/ TPU (TPU = thernopl astic

pol yur et hanEbe reR@lagipn RPETheamethptaattChlcmb@ct yf e évﬁrefr’mb%,we doeaddbe tighsess af élef i I m

(1). 30 6|' ra Bereegt Tl?erﬁlﬁgrﬂagcegnd 3bject1ve meaasrue OR} oF’ ﬁﬂt ta dragl o Psarﬁec%ed vﬂ‘slmé ﬁm

hazy, are pre red ze I's “measureabl e via aze va

| ess t han 3mﬁ%mgpbbﬁmmabhyekaﬂﬂeﬂhﬁﬂml&@&ﬂ&hﬁﬁmwﬂwwwmnnﬁme&erabIy | ess than
0.3% -13- The haze val ue describes the fraction of transmtted Iight mhich
is scattered in or war irect b radl t.e i
2 reaeur o of it A G Brifaped A PP gt T Sl BPh At Raed S el

mat eri al debq&ﬂ&magﬂ&hu@h@§, i nhonogeni eties or crystalline phase

boundaries in the material or its surface which adversely affect the
transparency. The nethod for 5 nmeasuring the haze is described in the

st andar d AST bstatsd), imleding passible cprivesebeterosbethsiden dyicglly hases thickifshele’ ®hi ch

I's not {90 Hyogh nbpre?eraﬁl Fﬁ't(%%lohgrﬁ@;;%&ﬁar%rkﬁﬁabl y 3P 083l &}{21 prahr%lﬁr U'Sat@

1000 nm prefera ess t nm”~ particularly preferably of |ess
t han 300 nrri7511h1eorr?é)tta|4&latn| on Ris the mathematical product of the
birefringence An and the thickness of the 10 substrate d. The automatic and

obj ective n?ﬁesbﬁo%ﬁ%f}}nep iaygrgql)rp%fglrag@tﬂa%qa it(ﬁalqg&%i%eﬂ,s loz&gd 3R all photopolymer

layers applied in layer II), of not more than 200 pm, particularly preferably 3 to 100 um, very
particularly preferably 15 to 60 pm.

20  In addition to the constituents I) and II), it is possible for the film composite have one or more
covering layers IIT) on the photopolymer layer II) in order to protect it from dirt and environmental
influences. Plastics films or film composite systems, but also clearcoats, can be used for this

purpose.

Preferably used covering layers III) are film materials analogous to the materials used in the
25  substrate layer, these a thickness of typically 5 to 200 um, preferably 8 to 125 pm, particularly
preferably 20 to 50 pm.

Covering layers IIl) having as smooth a surface as possible are preferred. The roughness
determined according to DIN EN ISO 4288 "Geometrical Product Specification (GPS) — Surface
Texture...", test condition R3z front and back, is used as a measure. Preferred roughnesses are in

30 theregion of less than or equal to 2 um, preferably less than or equal to 0.5 um.

PE or PET films having a thickness of 20 to 60 um are preferably used as laminating films (III); a



i magi ng polarineter, for exanple fromH s GrbH, StainMtic(V M3/ M nodel. The
retardation is nmeasured in perpendicul ar-idnci dence. The retardation val ues
stated for substrate 1) are lateral nmean val ues. The substrate 1),

i ncl udi ng ppdgithyleae fibabf 40gsm drickaess isgartivatally pretkesbly dsggi cal |y has a t hi ckness
of 5to 15 2000 m preferably 8 to 300 pm particularly preferably 30 to

ayers 1) DPERGPAEHY s Pural y BRR e fucl M dofeRre "

phot opol yner | ayers applied in layer I1), of not nore than 200 pm
particul arl ’Yhepﬁ&iﬁﬂr@dﬂcﬁorﬁmétbodl&@orﬂ‘hg YKEﬂhy invgaibh ilsquéfarrably cpried artap layproteduteoin 60

m 20 In addjtion to the constituen and 11) OSSI le far th
film corrposY"{1 vEsSIS cOMPRRSPIE Oyg‘@\PélryP ﬁﬁ‘a‘reaﬁPé‘rpgs“ilan )a“tS’Ff’D MBS YHEr

llayer 113 iihe @kcdftiontd BhPREL A), laref HoRiFh e bilslyahile £ R A Bﬁlé“ﬁﬂéﬂkﬁhnd dofpbMRNALS -
Plastics filnms or fi Imcorrp05|te systens, but also clearcoats, can be used

for this p@ﬁp&@nlym@ﬁ@?@bIbyfotféwpébﬁﬁé@ﬂ tadhelsaljstsats of injthe raqudd. £ i | m at eri al s
anal ogous to the materials used in the 25 substrate |ayer, these a

thi ckness O;Rlltp}{lplb ggéténé{s \g}gh? ae 4o tcp{hgfpglrs?[?hﬁlle% ihQhel 4P whlith i Iﬁﬁa{&&&é}'t%i rt

preferably 20"t vering |l ayers aving as snooth a surface as
possi bl e armdqmenﬁeaﬂy ef com mwgh,neél@lt bide epmhatnr@damlcamrpmcmg atreo smaNeB‘N thSO
4288 " Ceonef rnlsco?‘galgrtg reqili %pa%g rhd i me‘erm cor§ I ags hr

condi tion REJF oqué K, “%y éag Inerbeserielypliap ?%BU‘P%ég%P&é’es
are in 180 éxeentriesiron popd (M&mbrpaﬂlpgr p@auaic puenpg amls@h@hﬁpa%mrdfa&ﬁl Gean or
equal to 0.5 m PE or PETflIm;Q L athlcknes é to 60 pmare

pref erabl y REHY SBEHCEHIin T hEFRS (MO '(qw")p8>aéeparac BEIREEFS ene filmof 40 m
thickness is particularly preferably used. Further protective |layers, for

exanpl e a bpekeiBdmeferib Rt URSH IR @ndel thdih £ knl/imifBY 1000 ni&AAl parkREIaAR PleBerably in
production nethod according to the invention is preferably carried out by a

procedur e i e rap Eom 2mel/mip iy H99plémidonponent s of the pol yur et hane
conpositions according to the invention, with 5 the exception of conponent

A, are honp&%?ﬂg%!llymmc?ﬂ@%d%ﬂpgraﬁ)@% 1369k B@rrse e BS}%}P&QT&H inYhe it froﬁaqu?ﬁ d

onIy i medi at el efore t he app ication to the substrate or Iin the noul
Al punps sytsclmnbgwrwdhasarﬁﬁ exarople, stiered brokpandsadse dykimicedd istatie mgxezs; tannbei ushd. | in

Bﬁlr tsgtc:ﬂoﬁr a%(rj Bf éo%;[peérglusegegﬁgoug Bcl}e a];ceg %lfmt lhr oR{yegrgéH Qead é}baicgsl tare pre%erred

Furthermore, preferred methods are those in which the mixing takes place within a very short time
and with very rigorous mixing of the two components to be mixed. In particular, dynamic mixers
are suitable for this purpose, especially those in which the components come into contact with one

20  another only in the mixer.

The temperatures during the procedure are 0 to 100°C, preferably 10 to 80°C, particularly
preferably 20 to 60°C.

If necessary, devolatilization of the individual components or of the total mixture under a reduced
pressure of, for example, 1 mbar can also be carried out. Devolatilization, in particular after
25  addition of the component A), is preferred in order to prevent bubble formation by residual gases

in the media obtainable.

Prior to admixing of the component A), the mixtures can be stored as a storage-stable intermediate

product, optionally for several months.

After the admixing of the component A) of the polyurethane compositions according to the
30 invention, a clear, liquid formulation is obtained which, depending on composition, cures at room

temperature within a few seconds to a few hours.



transport and the required accuracy during netering. Accordingly, diaphragm
punp, gear punps, 10 excentric screw punps _(Mhno punps), peristaltic punps
and piston punps are preferred. Gear punps and excentric screw punps (Mhno
punps) are rticul ferr P [] r re | r.ange
Prom? m /o PAEHYEh opPiR rElbal or Ry HE RO IR RIS of B8t ebubitfor™)
mM/mn to 18Qrefidrdtiy mdjuskairsonhat thegnrind dftermadnhigidg ofithel cappac@tA) secirkwibvin mperess e
to the person skilled in the art frommxing .15 technol a u as, .for
exanpl e, st OAPEdoyaRerbistngr it iy h Bl st A R Rihed® YeogRiad i Juyie
However, apthafaintatsn et heutimpkeado Spgpetirdrbewekn 30 mdyl 89PE | prefelaid 46 palcesC,ar e
preferred. Furk$ernnre, greferged net hods are those in which the m xing

t akes placePdeekily Ptrahly >8id%°Gime  and with very rigorous mixing of the
two conponents to be mixed. In particular, dynamc mxers are suitable for

thi's purposehe HRGfchBbeY abfIORB With MBdrE By thb QuiSiRANEA $s é?a@ig?epc@s%@ f60NSRoh
with one 20 another only in the m xer. The tenperatures during the

procedur e atkdled in ghergpeasilpietherfam pf 1uting exgeumena mithithe abgremeyitioped gushijty 20
to 60C |If espal vialatiLi ' - Boct NG Y ngpt.g.:00 Qf

t he total ﬁ?@%ﬁ?@ 5ﬁggﬁ§%8$§ hcé§§y%@§§gifgn6?k 9%#*@%3%6%@@9? ﬁgéfmggﬁgalso
be carri ed muticulaDehe predtrrddisgathésoreomponeptarti cul ar after 25 addition of the
conponent A), is preferred in order to prevent bubble formation by residual

gases |n the nedia obt.ainaple. Prior to adm xing of the co nent A). .the
ot ur el calt el it e Tt d Vel gl hotSrRIRIE e g
f or sever al rec@dihg Sisudhhb REratnd efod ehiF peddugtionf oftopeical Olements rinagsy, ©preschfitions and a

pol yur et hane coppositigons according to the 30 invention, a.clear, liquid
or mul at i onMFtEo éﬁ%@ﬂ*%&??%rﬁmd@wgﬁ PRIYWFTha0S KBRS OB ?ccetﬁ"tgstoglae PEH

t enper at ur itk thédiforBWmekie Fllas dutimblcansrbidsis. -15- The ratio and the type
and reactivity of the synthesis conponents of the pol yurethane conpositions

is preferably adjusted so that the curing after adm xing of the conponent A)
occurs wi t hWihdernolyaisethane compositiony acgerding émihe énvprtioat hplegramsfonopsicalfagplicadons
crouESt SSBICH RAE F APUNgIER T el o L) Ryl
parti cul ar | sxppsuef mpeesiey. BiSual bolo@@@s cay@isa bl elveams ohet camps waokedibyt hethasigar d
to the curi lg%wge’;cb ?}Yel p?elflsronisiill% Slrll hye arr)t??nsc.umneg, In?err aﬁa,plg-rlf?lg raGa\bor) holograms, off-axis
holograms, full-aperture transfer holograms, white light transmission holograms ("rainbow
holograms"), Denisyuk holograms, off-axis reflection holograms, edge-lit holograms and
20  holographic stereograms; reflection holograms, Denisyuk holograms, transmission holograms are
preferred. Optical elements, such as lenses, mirrors, deflecting mirrors, filters, diffusion screens,
diffraction elements, light conductors, waveguides, projection screens and/or masks have are

preferred. Frequently, these optical elements show a frequency selectivity depending on how the

holograms were exposed and which dimensions the hologram has.

25  Moreover, holographic images or representations, such as, for example, for personal portraits,
biometric representations and security documents, or generally of images or image structures for
advertising, security labels, trademark protection, trademark branding, labels, design elements,
decorations, illustrations, reward cards, images and the like and images which may represent
digital data, inter alia also in combination with the products described above, can also be produced

30 by means of the polyurethane compositions according to the invention. Holographic images can
give the impression of a three-dimensional image, but they may also represent image sequences,
short films or a number of different objects, depending on the angle from which said objects are
exposed, the light source used for the exposure (including moving ones), etc. Owing to this variety

of potential designs, holograms, in particular volume holograms, are an attractive technical



skilled in the art easily in the formof routine experinents within the
abovenenti oned quantity range of the copgonents and the respective

synt hesi s conponents available for choice, in particular the preferred

synt hesi s WQ%QE&bo%eﬁh&eB%ﬁ;ﬁéMod nvention furthernore relates to the
use of the media according to the invention for recording visual hol ograns,
for the production of optical elenents, inages, representations and a

met hod for recordi ng hol ogranms using the pol yurethane conpositions according
to the invention, and the media or hol ographic filns obtainable therefrom
Wth the pol yurethane conpositions according to the invention, holograns for
optical applications 15 in the total visible range and in the near UV range
(300 - 800 nm can be produced by appropriate exposure processes. Visual

hol ograns conprise all hol ograns which can be recorded by nethods known to
the person skilled in the art, including, inter alia, in-line (Gabor)

hol ograns, off-axis holograns, full-aperture transfer hol ograns, white

| i ght transm ssion hol ograns ("rai nbow holograns"), Denisyuk hol ograns,

of f-axis reflection hol ograns, edge-lit hol ograns and 20 hol ographic
stereograns; reflection hol ograns, Denisyuk hol ograns, transmn ssion

hol ograns are preferred. Optical elenents, such as |lenses, mrrors,
deflecting mrrors, filters, diffusion screens, diffraction elenments, |ight
conductors, wavegui des, projection screens and/ or masks have are preferred.
Frequently, these optical elenents show a frequency selectivity dependi ng on
how t he hol ograns were exposed and whi ch di nensi ons the hol ogram has. 25
Mor eover, hol ographi c i mages or representations, such as, for exanple, for
personal portraits, biometric representations and security docunents, or
generally of images or inmage structures for advertising, security |abels,
trademark protection, trademark brandi ng, |abels, design elenents,
decorations, illustrations, reward cards, inmges and the |ike and i nages
which may represent digital data, inter alia also in conbination with the
products descri bed above, can al so be produced 30 by neans of the

pol yur et hane conpositions according to the invention. Hol ographic inages can
give the inpression of a three-dinmensional imge, but they may al so
represent image sequences, short filnms or a nunber of different objects,
depending on the angle fromwhich said objects are exposed, the |ight
source used for the exposure (including noving ones), etc. OMng to this
variety of potential designs, holograns, in particular volume hol ograns,
are an attractive technical -16- solution for the abovenentioned
appl i cation.



-17- Exanples: Starting materials: Desnodur XP 2599 is an experinental
product from Bayer Material Sci ence AG Lewerkusen, GCermany, full

al | ophanat e of hexane diisocyanate on Acclai m 4200, NCO content: 5.6 - 6.4%
5 Prepol yneg %Egg‘“l%“% an experimental product of Bayer Material Sci ence AG

Lever kusen, uret hane of hexane diisocyanate and Accl ai m 2200, NCO
content: 3.2 - 3. 75% Pol yol | (Acclaim4200) is a polypropyl ene oxi de having
a nunber av¥eigematstisle: mass of 4000 g/ nol from Bayer Material Sci ence AG
Lever kusen, Germany. Polyol 2 (Acclaim4220 N) is an ethyl ene oxide-capped

pol ypr opyI @ i |

from Bayer ggrﬂllral c??r?gg i(i%%{ar i’goéjﬁé/t ﬂa M e (ﬁengg (S‘X'OQTQV&%HIQAZZOO)
is a pol yprGgyaeynéulbadiogdeanhtawi hexase dmadyemateame«agﬁn mmmmmwof 5.620006 g/ nol
from Bayer Material Sci ence AG Leverkusen, CGermany. Urethane acrylate | is

an exper t al duct from B , ~.CGermany,
(et hane achorBer B oo R S S r R RSBk A T EHRSR Seibre.
15 Fonrez uhataanewfemamlzsaéyaﬁﬁe gk Adcyasih 2200, NCO content: 3.2 —3.75%

di et hyl bi s[ (1 - oxoneodecl ) oxy] st annane, commerci al product from Monentive

Performance CT, USA (used as 10% strength sol utlon |n
N- et hyl pyr r'&? ‘Eolng‘)ccaéﬁsl 4@)‘598 1S opakyneonyle %GX@B%HY‘W 4t Bimber AyRrage gaoljrmmass of

Basel , Swi t z@p loand froMeyybEV i £5Gedt Ue, L@uen&sénr@@r)nanpye from Si gma- Al dri ch
Cheni e GrbH, Steinheim Germany. 20 Ef hy VI ol et: dye from MP Bi onedicals

LLC, Solon, Ohio, USA. _Astrazon Orani; ye from Sigma- Al drich Chem e
GtbH, Stei Py qh2 @Flmhymeﬁa ig 2 ethyfeng eﬁﬁ%cqva%iebplmwﬁy#‘@e oxidelihayinga mEgbar

BYK- Chepg e fahbt mw{aﬁﬁhss o@@édmol(M§f2ﬁ0{f’erl§§51%g%% i@téﬂ%dsgn Gfeﬂnzfﬁ I'ene),

nunber average nol ar mass about 2200 Measur emént o raction
efficiency DE and refractl ve index contrast An: 25 The nedia according to
the i nvent i Brygpriotheskimt 3200 ds expypirenzienaloxide duviop aanhbeoapareatoler mesdid

e no- Sr PR R 05t A BRAG-AL BBgh) o5, Y, e of 8

measuring af rangenent - accor gure Y'gure” 1: geonetry of a
hol ographi ¢ nedia tester at 2. 633 nm (He-Ne | aser) for witing a
Urethane acrylate 1 is an experimental product from Bayer MaterialScience AG, Leverkusen,

Germany, urethane acrylate based on HEA and tris(p-isocyanatophenyl) thiophosphate.

15  Fomrez® UL28: urethanization catalyst, dimethylbis[(1-oxoneodecl)oxy]stannane, commercial
product from Momentive Performance Chemicals, Wilton, CT, USA (used as 10% strength
solution in N-ethylpyrrolidone).

CGI 909: borate-based coinitiator from Ciba Inc., Basel, Switzerland.

New methylene blue (zinc-free): dye from Sigma-Aldrich Chemie GmbH, Steinheim, Germany.
20  Ethyl violet: dye from MP Biomedicals LLC, Solon, Ohio, USA.

Astrazon Orange G: dye from Sigma-Aldrich Chemie GmbH, Steinheim, Germany.

Byk 310: silicone-based surface additive from BYK-Chemie GmbH, Wesel, Germany (about 25%

strength solution in Xylene), number average molar mass about 2200 g/mol.

Measurement of diffraction efficiency DE and refractive index contrast An:

25  The media according to the invention produced in the experimental section and comparative media
were tested with regard to their holographic properties by means of a measuring arrangement

according to Figure I:



reflection hologram M= mrror, S = shutter, SF = spatial filter, CL =
collineter lens, 1/2 =1/2 plate, PBS = p@l-ari zati on-sensitive beam
splitter, D = detector, | =iris diaphragm a = 21.8 and 0 = 41.8 are the
angl es of i FRigirdéngeonadtryt dfea hiolograplnit Mmmstelrma%rmeﬁi nmu(HzLIde liskrg feampitisg a

(outside 5 the nmedjum . The |ampnatin of f il 3
conposi te, ’ﬁh&‘”‘f’ﬂ Lﬂﬁ%bﬂ%l’)}?fﬁf’r ?—J’F‘F%‘I’ SF ﬁé”ﬁﬁltFr %ﬂha’f‘élﬂmﬁtﬁrt[? %d?s_s)‘/?n
such a way glhat Pmepslubﬁahb]amsﬂ‘uwé Beand §iteQ U3 a&telSor, TR @ iD@aFArm, mﬁea Nexd
| aser (em ssion wavel ength 633 nm) was converted with the ai of th

spatial fill&f!l g5y t@r@glebg%wwé?mm the eoherabbiamamrasied epaids the pampie @us%lde
paral | el s hofpgemgrys beam 10 The final cross sections of the signal and
ref erence beam are” establ i shed by the iris diaphragns (1). The dianeter of
the iris di aphragm opening is mm The pol ari zati on-dependent beam

splitters TieBBninggng dilmHe plﬂ@lgcb effgha milth rrompesije, anshide evhotopelymer atpdd! ds ithead
beans. Via E‘e at]e/d %ntBlg?a%gﬁi sué}paew lthe s%{)sttltaagiléggc%&% rdp eam was adj usted of

0.5 mWand power he si gna beam powers were
determ ned using the sem conductor detectors (D) with sanple renoved. The
angl e of 15Tlhmb>eianheasfca&1 HeNedfset tmisséinewmbegtbéais‘mmﬁz wad céhvandl whie ttergd ef tk

(moci un) - CoRE o RO e Rer v e e meian e it Rge B Ao ot B o

gratingi®f Thefital &osh sdaiokis sttthé §ignatridabferhe: wpmtaswham bi e ldsaliaphgks (I).
bi sectors of the two beaps incident on the sanp reflectlon hol ogr am .
The strip spcfAgeteinot the risedipriraemsopengds A g rTé‘f’ rpakiflﬁa;@m ﬁEféSie"éPeac“héplﬁér& um

assuned to fpgyg) Jplﬁf%)e 1as€behipl iRE 1A Bo MR hieq W1yt o BiRizdd Be@md . REa B SioWRtdsNtht B@wer
foll owi ng manner: Both shutters (S) are opéned for the exposure tine

Ther eaf t er , ofithe fefar¢nee bepm wasrasjys®y o£ 0.6 58 and the povverdif e signal kermdo8ds> anW. Whe of
5> mnutes Lﬁcfv%egg \urgﬁétgljﬁllr%fd ugllagd%tsér&l{c%@[ﬂ&g* %/e?é%{o'rsz M's&r’nﬂ%ﬁ E ;fﬁg §ngleTJ}e

hol ogr ans en were now re OW ng nner of the
si gnal bganintidemt @b fahoséoencd heans 3Lt 188 mndthetahgle méirerdenuee(ﬁbaam vigs! bgenid.
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witten hol pgaaed h Qtatiak lof Apkt a8 dérﬁd,}rqﬁfwm&t @t peperdiculah € 18 A lEbisddiSs of the
turntabl e, under caonputer control, now covered the angle range from0O = 0 to

Q = 20 wi t hiwgnbeamngnedest ap thg srmplofrefiection hologiamenThengie Saafmgolacthwedwmls
power s of tbﬁs%@@aﬁa%ﬁxrﬁﬂa&to?%e'n&diunﬁassﬁfee%BneQrﬂﬁr vere nmeasured by nmeans

of the correspondi ng detector D and the powers of "'the beam 30 diffracted in
the first order were neasured by rreans of the detector D. The diffraction
defici eAy Hplograms welstvelitige dhterthe aedivmain diedollpwippmamietied as the quotient of :

Both shutters (S) are opened for the exposure time t. Thereafter, with the shutters (S) closed, the
medium was allowed a time of 5 minutes for diffusion of the still unpolymerized writing
monomers. The holograms written were now read in the following manner. The shutter of the
signal beam remained closed. The shutter of the reference beam was opened. The iris diaphragm of
25  the reference beam was closed to a diameter of <1 mm. This ensured that the beam was always
completely in the previously written hologram for all angles (Q) of rotation of the medium. The
turntable, under computer control, now covered the angle range from Q = 0° to Q= 20° with an
angle step width of 0.05°. At each angle approached, the powers of the beam transmitted in the
zeroth order were measured by means of the corresponding detector D and the powers of the beam
30 diffracted in the first order were measured by means of the detector D. The diffraction deficiency 1

was obtained at each angle Q approached as the quotient of:




PD 1 -P"+P -19- PDis the power in the detector of the diffracted beam and
PT is the power in the detector of the +<l¥ansnmitted beam By neans of the
nmet hod descri bed above, the Bragg curve (it describes the diffraction

ef ficiency Pf is tespavet imtht idetectof oft the ddfigdte ¥Qamfand @ ad thepowér ihhiee dutdctor @fithe

hol ogranm) was rreaagred and was stored in a 5 conputer. In addition, the
intensity tFRCHF{P¥d in the zeroth order was al so plotted against the
angle n of rotation and stored in a conputer. The maxi numdi ffraction

ef fici ency Byhmeansfhof the methodfdedchibedubo g iiRBradg. drvei(lt degoribds tivadiffRrctiotiesSticiency 1
determ ned. It_ may have been necessary for this purpose to change the .

posi tion of 35HEndet 8@?‘6?“&5‘?9‘1 ﬁ@atmnfk*ffﬁwrg@n BRIABPTN W3t BeAsueD 2ReY st £ hi s
maxi mum yal dgnpuikf hAditied, 'RE ttdhSity DERMite@NA 1RSterdi oft3F Walllsb Plottkd 8S:snsfthef

t he photopol yner |ayer was now determ ned by neans of the coupl ed wave

t heory (cf.angle Kekyelatipkandprsedgalalcogpyerem Techni cal  Journal , Vol ume 48,
Novenber 1969, Nunmber 9 page 2909 - page 2947) from the neasured Bragg
curve and t datd Qieok . St ed.i S| f 1 O f gl e.
The et hod ?@e ﬁlée&glcr }‘r‘begr%@f‘(@e\?\{l&iﬁpA@%r |“r%g&t @@%%%%r%?’k?e't%%d& (%% n%gi S
true for thdetdmagd lcmay bavelic¢ecedsary forethis potpogntotbingg ttlenposititn offthe détedtor/of) 2 +
3 hacggfaiﬁﬁﬁé@wf%r@é@?é&ggtgaetg:m%%%m%maxi%%%&ﬁlei 2y x = A9 271 sin(a’ -V

10  The refractive index contrast An and the thickness d of the photopolymer layer was now
determined by means of the coupled wave theory (cf. H. Kogelnik, The Bell System Technical
Journal, Volume 48, November 1969, Number 9 page 2909 —~ page 2947) from the measured Bragg
curve and the variation of the transmitted intensity as a function of angle. The method is described

below:
1S According to Kogelnik, the following is true for the Bragg curve n/(Q2) of a reflection hologram:

1

T“:

. 1-/of
=
where:
® - n-An-d
A \/cos(oc'j- cos(oc'—2\p)
2n-sin(a'—y) d
N Pt el @ A
x=4a A -cos(o'-2y) 2
3 Bl_ai
YT
_ A
2-n-cos(y—a)
n-sin(a') = sin(at), 7 - sin(p') = sin(p)
.2
R
n* —sin’(a)

® is the grating thickness, % is the detuning parameter and ¥ is the angle of tilt of the refractive

20  index grating which was written. @’ and f§” correspond to the angles a and B during writing of the



2-ncos(Wa) n sin(a') =sin(g), n- sin(p) =sin(p) At - AQ1l =sin2(a) n2
sin2(a) 4) is the grating thickness, x isgthe detuning paraneter and P is
the angle of tilt of the refractive 20 index grating which was witten. a'
and p' corr . e i i.Ld . -~ 20)- ram
but in the ﬁ%§¥%%#%§w&€§?§ﬂt éﬁgﬁaﬁggﬁgﬁgﬁﬁk gw%%g%%@ghfﬁm%ﬂgJﬁégfgﬁﬁh@ge.

t he devi at i foem tierangle ttheAQ@uisgheanjle dfunirg mdasurehgitaeddit urdng, e dasudettioufrende
the nedium i.e, the deviation from the.angle a. nis the av ge
refractive THAEE B 1t HE e SHBETTRPI Al HiRloGediay’ T wiet $le Baxi mum
diffraction efficiency (DE = rymax) is then obtained for x =0, i.e. AQ=0
as: rrAnd THamaxirh@nHifitaction effic@ndy (DES= ¥..,) BAkenavbtairedSor(ya 0,2y. Abe orseasur ed
data of the diffraction efficiency, the theoretical Bragg curve and the
transmtted intensity are shown in Figure 2 plotted against the centred

angle of rotation 0-a shift. Since, ow to tmenggonetri shri nkage and
the change in the averagéoééﬂﬁ@§ﬁ¢OétWHgg i opol yneri zati on
the angle at which DE i s neasured differs™V6RT\E,) R s is centred 10
around this shift. The shift is typically 0 to 2. Since DE is known, the
shape of the theoretical Bragg curve according to Kogelnik is determ ned
only by the thickness d of the photopolyner |ayer. An is subsequently
correct ed vile iDEstred data gif viendifftaofiakef@sisncy, the thdosticaleirsgy emendndahad trahymateyd of
DE al ways ee. d i.s now.adapt ntil the angle sitions of the first
secondary miTH 1 ENE T FRGP Eeftiel Hainsplye Sufbdedits AR an el b o et
positions ofo tHegédnfesic SRGHKAGATMd NAXI dRan@f if e tavaagdrirtftRevd NiRRSHlrhgaind
additionally the full width at half maximm (FWM for the theoretica
Bragg cur vePheiobmeriatighhs eesel 2f whish i » mepswed diftgr, framy gy dhejix ragist is Gpntief
whi ch aldEfh@&h%ﬁ@ﬂhﬁyﬂgkﬁﬁhga?ﬁgﬂhﬁﬁ@Qiy rotates on reconstruction by
nmeans of an 0 scan, but the detect'or for the diffracted |ight can detect
only a finite angle range, the Bragg curve of broad holograns (small d) is
not conpl et &nge Bledsdinowa, theshane of Ge theoretieal Bmgywnecczoin@getﬁgémlnﬁegﬁ%mmmﬁt h

sui tabl e de i 14 Qnicng. f . ' Js it ich
s compl ercht of e BSRHL SR ondRBUARARE, An t DRLAISTOELA DR el
adapt i ng t hibickaeged st Hiat keass®ment and theory of DE always agree. d is now adapted until the angle

positions of the first secondary minima of the theoretical Bragg curve agree with the angle
15  positions of the first secondary maxima of the transmitted intensity and additionally the full width

at half maximum (FWHM) for the theoretical Bragg curve and the transmitted intensity agree.

Since the direction in which a reflection hologram concomitantly rotates on reconstruction by
means of an Q scan, but the detector for the diffracted light can detect only a finite angle range, the
Bragg curve of broad holograms (small d) is not completely detected in an Q scan, but only the
20  central region, with suitable detector positioning. That shape of the transmitted intensity which is

complementary to the Bragg curve is therefore additionally used for adapting the layer thickness d.

Figure 2: plot of the Bragg curve m according to Kogelnik (dashed line), of the measured
diffraction efficiency (solid circles) and of the transmitted power (black solid line) against the
angle detuning AQ. Since, owing to geometric shrinkage and the change of the average refractive
25  index during the photopolymerization, the angle at which DE is measured differs from a, the x axis

is centred around this shift. The shift is typically 0° to 2°.

For a formulation, this procedure was possibly repeated several times with different exposure
times t on different media in order to determine the average energy dose of the incident laser beam
at which DE reaches the saturation value during writing of the hologram. The average energy dose

30 Eis obtained as follows:



Figure 2: plot of the Bragg curve 1 according to Kogel nik (dashed Iine), of
the measured diffraction efficiency (soldld circles) and of the transmtted
power (black solid line) against the angle detuning A0O. Since, owing to

geonetric shri nkage and the_change ofy. AWeE 8%9 miwflrast i ve 25 i ndex during
t he phot opol yneri zati on, thléraHgmg) %W%d differs froma,
the x axis 1is centred around this shift. Th sr‘ffnft is typically 0 to 2. For
a formulation, this procedure was possibly repeated several tines with

di fferent eXipopdwess oft thegartbedns Werk fagieat sontbali e isimOpeledr defsiget actidvee it the
aver age energ(%/ dos of t he inci dent | aser beam at which DE reaches the
sat ur ati on Wedivm aiths anelesirand PHgEdor the hol ogram The average energy dose 30
E is obtained as follows: -21 - E(mJ/cnR)=2[0.50mMM0. 67mMN | (s) n0.42 cne The
powers of thﬁerl@ﬁfvélypﬁé%ﬁse WRARnEW AR RehpSAow D & Fiphe 1 SARRIHQUREd d@NBinkY% gre%n
achieved in the dium at the angles a and él used. Alternatively, t est
equi val eht lager (i tbe?rmémgmymlqnﬁthﬁr gtﬁeacgurwa 53 we Kae.ro - puandbsT %5 ‘aAngr een
5Iaservv|t i o epength ? in a vacuum of 532 nm Here, a = 11.5
and 3 = %a{;%ﬁgﬁ@ 2rj'r\ﬁ\//and Pp = 2.16 mW Preparation of the urethane
acryl ate 1 0. 1 g of 2,6- d|-tert butyI 4- et hyl phenol, 0.05 g of dibutyltin
di | aur at e (Deepamatia) hayes ptedr i al Sci ence AG Leverkusen Ger many) and
and 213.07 g of a 27% strength soI ution of tr| s(p- 10 |socyanat ophenyl)

t hi ophosph c te d

Mat eri al Sc?‘seg or} %H{tgﬁtg’r Egerf ﬂ{y@em bj? re N rt?qu lfluc%ate ﬁ@é odut 1%sz Bta%er

500 M r ounpltateba)l‘smermedtcf Lasdtkaeng deaningylardand013. oﬂgt@‘raentf’/t ﬂfengtHZoIBtYong)fdts(p-

2- hydrox et acryl ate were added d pw se a her

kept at !'60d %/ﬁélf“?alt feD) |§B‘8§/’1§’ﬁ§1‘”‘@ dbnf ?‘r't aﬁ%{defgsqs@ﬁs‘ﬁel ﬁtﬁ g }6‘“ erdift er,
cool i ng wasmefefigistiesteand, tReerRisky, | Gafghydt RerdlifitiaMTRARIdA MRITRVEID nhiNrowAsEUO.
15 The product was obt ai ned as a semcrystalline solid. For the producti on

of the hol obtiepsd @aﬁemdaheateﬁéo S8rporersefter, 43.heg ebRpydentetip! eomilatehwergypdded
al ready havg heen oy tﬁglnﬁ f{l e ’ﬂé‘pt%?@@@rlﬁlm th@lso%{;'eftitatg%)htgrﬂqrah Yalltepgelow
conponents G nd F are |ss I n the conponent optionally at 60C, and
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For the production of the holographic media, the component C, the component D (which may
already have been predissolved in the component C) and optionally the components G and F are
dissolved in the component B, optionally at 60°C, and thoroughly mixed. Thereafter, the
component E in pure form or in dilute solution in NEP is weighed in in the dark or under suitable
20  illumination and mixing is effected again. Optionally, heating is effected to 60°C for not more than

10 minutes in a drying oven. The mixture obtained can be devolatilized with stirring at < 10 mbar.

The component A can likewise be devolatilized with stirring at < 10 mbar. The two formulations
are then metered continuously by means of positive metering pumps via one of the
abovementioned mixing methods and are mixed. The mixture is then applied continuously and
25 homogeneously to a substrate via an application unit, such as, for example, a knifecoater or a slot

nozzle.

The coated substrates are dried at about 80°C and then covered with one of the abovementioned

covering layers and packed in a light-tight packaging.

The thickness d of the photopolymer layer results from the coating parameters of the

30 corresponding coating device, which are known to the person skilled in the art.



20 illumnation and mxing is effected again. Optionally, heating is
effected to 60C for not nore than 10 mif2t-es in a drying oven. The m xture
obt ai ned can be devolatilized with stirring at < 10 nbar. The conponent A
can | i kew SEhefdlicheivg ledm gldszaeelmantidied for fillistigingtthe<mdBodvixabrdinkhte themvention but
fornmulations are then metered.contjnu |y by ans of positive netering
punps via of& "B orisendeipaYb e PRiREO BN Qtﬁ?fa npfeq RS st al 31 ReseeRineeT R the
mxture is fHepoRRRlsiaftbasQn lRHQushywaRd. 25 honbgeneously to a substrate via
an application unit, such as, for exanple, a knifecoater or a slot nozzle.
The coated substrates are dried at about 80C and then covered with one of

t he aboveneBxameld: covering | ayers and packed in a light-tight packaging.
The thickness d of the photopol yner |ayer results fromthe coating
paranetess of 74 hgr uréﬁan%q&ryﬁ%@p&qfnﬁ&eﬁp@}, tHaR 099Y b SEForLTHL 28 LokipOMMA: b ankhe
person skilled in the art.” -22- The follow ng exanples are nentioned Tor

i |l ustratingle¢deoiByindd (aoepmditr(g) and finhlly & srletivni adi?.83a18 of &1(d 9AB0.428 god new

der st 0od ) limiti . ,
o e, ol SHRFEL B2 kB8Ot O Bl AL oRgl G 05
of ur et haneinak 638 @bve Niethydpmpiidert (cGhponeite@) Qer7aldgd ofepwBeme 2788 g28 polyol 1

(conponent F) and 165 g of Byk 310 (conponent G and finally a solution
of 0 855 g spmegiEofh It dndsgk gtk ViotHglame BRUA kgt Gty s SPapE.
viol et and DuddchBed 108958 bf BeRdITHPIE 9B (ddn@fdnb &) weryBIaRLRt30B) and IﬂixinngWaB g
of N-ethyl pyrrolidone (conponent G were added stepw se to 27.83 o] ol yol
| ( conponefffectsy again.tTihe liguid aterial qbtained gragghen apmlied tostil %9 g tipk palyegriepate film

sol uti on wegJohfaiheds iQudar RAEL By ladd) 1Bihets: A5 #R?%{EQMm XR 2829633 nm);.

(conponent A) were added at 30C and 'm Xing was effected again. The liquid
mat eri al ob®.81TéL mwak then applied to a 175 pmthick polycarbonate film and
dried for 4.5 mnutes at 80C. Dry |ayer thickness: 45 pm naxi mum An: 0.016

(633 nm; Q14 5,532 nm. Exanple 2: 15 5.00 g of urethane acrylate i
(conponent %—'&‘Pﬁm n 0.100 g of Fonrez UL 28 (conponent F) and 0.060 g of

Byk 310 (conmponent G and finally a solution of 0.300 g of Cd 909, 0.010 g
of new 15et oo gofulothae, acty!Bd 0 (congfonett 6] then @1 @t g afnitbnGeZrNIL @8 cfompsientZ)omd
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methylene blue, 0.010 g of ethyl violet and 0.010 g of Astrazon Orange G (together component E)
in 0.610 g of N-ethylpyrrolidone (component G) were added stepwise to 10.245 g of polyol 2
(component B) in the dark and mixing was effected so that a clear solution was obtained.

20 Thereafter, 3.655 g of Desmodur® XP 2599 (component A) were added at 30°C and mixing was
effected again. The liquid material obtained was then applied to a 175 um thick polycarbonate film
and dried for 4.5 minutes at 80°C. Dry layer thickness: 25 pm, maximum An: 0.012 (633 nm);
0.010 (532 nm).

Example 3

25 13.75 g of urethane acrylate 1 (component C), then 0.275 g of Fomrez® UL 28 (component F) and
0.165 g of Byk 310 (component G) and finally a solution of 0.825 g of CGI 909, 0.028 g of new
methylene blue, 0.028 g of ethyl violet and 0.028 g of Astrazon Orange G (together component E)
in 1.678 g of N-ethylpyrrolidone (component G) were added stepwise to 19.946 g of polyol 3
(component B) in the dark and mixing was effected so that a clear solution was obtained.

30  Thereafter, a mixture of 6.467 g of Desmodur® XP 2599 and 11.812 g of prepolymer 1 (together
component A) were added at 30°C and mixing was effected again. The liquid material obtained
was then applied to a 175 pm thick polycarbonate film and dried for 4.5 minutes at 80°C. Dry
layer thickness: 32 um, maximum An: 0.016 (633 nm); 0.017 (532 nm).



(conponent B) in the dark and m xing was effected so that a clear solution
was obtai ned. 20 Thereafter, 3.655 g of -Besnodur XP 2599 (conponent A) were
added at 30C and m xing was effected again. The liquid naterial obtained
was then afghmpld4t o a 175 pmthick pol ycarbonate film and dried for 4.5

m nutes at 80C. Dry layer thickness: 25 pm maxi nrum An: 0.012 (633 nn);

0. 010 (532 . EX le 3 3.75 f urethane_.acryla l, (conponent CO),
Chen 0. 578 Q0o BERs Fedlabg amiaart 1 BREE S PR b s RGN ) bnd

( cogplonent gi@so anndBik nad tcxé?@or&:ﬁ{ ?} hmeflhfaily Q.sgﬁﬁorgom.mm%l&ﬂ@c}l WoD@81mg of neMew
met hyl ene e, 0,028 of et . violet and _Q.028 of Astrazon O ange_ G
(toget her dbHlABARES) 010 zo! stghyiokt e RQ e As2oBraish (s HcHERD " Bluer e
added skepyy 3.%1@5 oEN-SBIp GrrQfdo RO dbpornt G§ QVERO RGN @gdiﬁ fohe433ar kf gdigbing xi ng
was effected so that a clpear solution was obtained. 30 Thereafter, a m xture
of 6.467 g(emppeeshdtuin the dadoendg mixing was 2ffectesk sqithap @l gleasy sofution gypet theained.
conponent a o1 f { (3¢ J: L QUi

mat eri al o@%’g?é%g ﬁ%ggd‘%fﬁ%eﬁ%g% ?%Ldﬁtb 0 (%%fg‘@&b%{) t“%?ezz%q%g?@écd;(r: t%?gltvgh@%% and
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Byk 31Q0(comp®BhmPo.@adsizimal |y a solution of 0.300 g of Cd 909, 0.010 g
of new nethylene blue, 0.010 g of ethyl violet and 0.010 g of Astrazon
Orange G (together conponent E) 5 in 0.610 g of N-ethyl pyrrolidone
(component G were added stepwise to 8.432 g of polyol 3 (conponent B) in
the dark and m xi ng was effected so that a clear solution was obtained.
Thereafter, 5.468 g of Desnodur(r) XP 2599 (conponent A) were added at 30C
and m xing was effected again. The liquid material obtained was then
applied to a 36 mthick polyethylene terephthalate filmand dried for 4.5
m nutes at 80C. Dry l|ayer thickness: 30 m nmaxi mum An: 10 0.013 (633 nnm;
0.014 (532 nnm). -24- Patent Cains: 1. Polyurethane conpositions conprising
A) a polyisocyanate conponent, at |east containing an NCOterm nated

pol yur et hane



prepol ymer whose NCO groups are primarily aliphatically bonded and which is
based on 5 hydroxy-functional conpounds . fqaving an OH functionality of 1.6
to 2.05, B) isocyanate-reactive polyetherpolyols C urethane acryl ates

and/ or uretgpan acrylates having at | east one aromatic structural unit
and a refraﬁglgéﬂgkgex greater than 1.50 at 405 nm which thensel ves are
free of NCO groups and OH groups, 10 D) free radical stabilizers E)

phot oi ni t i at-oPslybethete @mposihtristampiasieg of borate salts and one or nore dyes
havi ng absorption bands which at |east partly cover the spectral range from
400 to 800 nn1F) g;g! S P HlLar

additi ves. gg‘f fﬁ Jr%tre]}e r(%%tstl ?ﬁGg)eﬁés% %Jg%grm’ an aﬁgb& rgllldrfq?e?, g(ﬂ)qlrethane
characteri zed i n pﬂeadslyxhléi@xtfosmNCchmaips anp rpepmh}ymlaplsitnhﬂkylhogdadraed ivaiek js based on

al | ophanat e, bi ur t and or. ani de are ol yur et hane
conposi t1 ons acco 4%9%?%%&?& 8$ugwm§ﬁﬁpg®$3FP2@H}P%F?H’ &%rethanes or
al | ophanat es, havi ng nunber average nolar masses of 650 to 8200 g/ nol and
NCO functiond)it isesafdte-Zallive@oFetBerpslyslf 3.9 to 4.2, of aliphatic

i socyanat e-functi onal conpounds and 20 oligoneric or polymeric polyols are

used as isocyanate-functional prepolyners i . Pol yur et hane

conposi tions &ecoPiMABe 1Y 1atfangror resians mrethfl%syls es Ewa}ge?éﬂ%ﬁﬁ P Gramtie pgctural

al | ophanat es, havhmgaﬂwm;acméelha&egrwéraﬁam5@ 8543 nnd WMicH PedldPls fenmle #Nd
NCO functionalities of 2.0 to 3.2 or of 3.9 to 4. 2, of HDI and difunctional
pol yet her pol yol s h&x)$@W§?thHé¥@mﬁctlonal prepolyners inA. 25 5.

Pol yur et hane conpositions according to any of Clainms 1 to 4, characterized
in that§he np@g?ggma%ﬁgﬂgaslsocyanate functional prepolynmers in A have
reS|dua} contents o ree nononeric isocyanate of |ess than 0.5% by wei ght.
6. Pol yurethane conpositions according to any of Clains | to 5,
characterizedBn pllrratvinitipmrsyleqwbplyIcembin@idnd@g)borapowt@ enthyone e noxé dess) haging
conmbi nati ons ther i ock.co s_are used
i n conponent B). %’ %ﬁg R‘Haﬂgﬁp% cgﬁéé% cé?@fnée?o gﬁ§%§¥68?ains 1
to 6, characterized |n that dlfunctlonal pol yet her pol yol s based on

propyl ene oxi &¢ angticadlhydaeahatsoxi de, havi ng a

G) optionally auxiliaries and additives.

1S 2. Polyurethane compositions according to Claim 1, characterized in that NCO-functional

prepolymers having urethane, allophanate, biuret and/or amide groups are used in A).

3. Polyurethane compositions according to Claim 1 or 2, characterized in that urethanes or
allophanates, having number average molar masses of 650 to 8200 g/mol and NCO
functionalities of 2.0 to 3.2 or of 3.9 to 4.2, of aliphatic isocyanate-functional compounds and

20 oligomeric or polymeric polyols are used as isocyanate-functional prepolymers in A).

4, Polyurethane compositions according to any of Claims 1 to 3, characterized in that
allophanates, having number average molar masses of 1900 to 4100 g/mol and NCO
functionalities of 2.0 to 3.2 or of 3.9 to 4.2, of HDI and difunctional polyetherpolyols as

isocyanate-functional prepolymers in A).

25 5. Polyurethane compositions according to any of Claims 1 to 4, characterized in that the
compounds used as isocyanate-functional prepolymers in A) have residual contents of free

monomeric isocyanate of less than 0.5% by weight.

6. Polyurethane compositions according to any of Claims 1 to 5, characterized in that

poly(propylene oxides), poly(ethylene oxides) and combinations thereof in the form of random



proportion of ethylene oxide of |less than 10% by wei ght, based on the total
mass of the parent 5 polyether, and a nw#er average nol ar nmass of 2000 to
4200 g/ nol, are used in conponent B). 8. Polyurethane conpositions

accordi ng to anyloed copblsunsm ate used if compae@@)eri zed in that the conpounds used
in conponent C) have a refractive index nD20 of > 1.55. 9. Pol yuret hane
corrposition to an of CI |m3 1togcdchar?cter|zed|n

t
ur et hane acr?f’&f"@ a‘é §oupettieg ‘Hécthf“bYt8 amsgl g Gr SIFPéTOteé‘Z?‘Qg‘ng*}’iat es

and 2- hydr OXYQIfm%Itlonalopcﬂij,f‘emél'p%ﬂy%ls Ba/sédi wprfo@puﬂle RIY | @de ethdtetty dkiaxy having a
acryl ate, polyethyl ene oxi de nonog gﬁ acryl ate, pol ypropyl ene oxide
mono( met h) acr ProRedion ghetheneaxidsof fivs @éﬂ h%é(/ Mtz heseq pathe totalygass of the parent

pol y(e- caprol %81&99&) ardANRERBL AR MbIAL RSs B ﬁ)OU%@QOU@n@&@QE&%H‘?n Smpdtnt B).
Pol yur et hane conpositions according to any of Cains | to 9, characteri zed

in that mxtures of El) and E2 are used in the conponent E), the group of
t he conpoundls PElyyrethens cempasiions accpBlingeta amu el Clameri tond t étaraawgmll inothatt the

L1503 11 uor opRePgT Ry PR rRFIH Rl Freth by PR K P T TSl 3. o or 0- -

met hyl phenyl ) hexyl borate and the group of the conmpounds of the conponent E2)
consi sting ®f Pol&stteﬁlam)cpn@roaiﬁgl& aGpordiBg Iy brend® Ghius, 1 mdNChQadutyizedml thiturgthanz ur e
A pyrilliuml ranin cyani ne al l,ocyani n brilliant st al
Dot et hyt St BRacRY ePineo VARG Fiheu oY SRR sRlanaed b B g0
media foy r ecatrgliafeg hydrsxighoppbb@gla@18-hydroxybbiyC Berplatey yolgéthelar oxidmposd(hethns
according to any, of Clains 1 tq 10 are a plled to a substrate or in a nould
and are curedYht, PRESBIoRYIFis O¥ids: Broag( W@th%cwé? Ro1e0Yeame X8 BRI RRBINE T a

process accor thﬂﬂol)t'(@-cgr@lh{fbrge}moﬁo"’(meéﬂ%r}@d‘tesrﬁ?éils@d ﬁa%ﬁ‘nbgdeﬂgC)t o Gaiml2 as
optical elenments, or images or for image representation or 25 projection.

14. Method for recordl ng a hologram in which nmedia according to Caim12
are used. 10. Polyurethane compositions according to any of Claims | to 9, characterized in that mixtures of

El) and E2 are used in the component E), the group of the compounds El) consisting of
15 tetrabutylammonium tetrahexylborate, tetrabutylammonium triphenylhexylborate,
tetrabutylammonium tris(3-fluorophenyl)hexylborate and tetrabutylammonium tris(3-chloro-4-
methylphenyl)hexylborate and the group of the compounds of the component E2) consisting of
Astrazon Orange G, methylene blue, new methylene blue, azure A, pyrillium I, safranin O,

cyanine, gallocyanine, brilliant green, crystal violet, ethyl violet and thionine.

20  11. Process for the production of media for recording visual holograms, in which polyurethane
compositions according to any of Claims 1 to 10 are applied to a substrate or in a mould and

are cured.
12. Media for recording visual holograms, obtainable by a process according to Claim 11.

13. Use of media according to Claim 12 as optical elements, or images or for image representation or

25 projection.

14. Method for recording a hologram, in which media according to Claim 12 are used.



